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(57) Abstract: A method and apparatus for 
synchronizing clocks in a master unit (1) and 
one or more slave units (2) connected to a multi 
processor data bus (3) including a bus clock signal 
(4), where the master unit (1) receives from an 
external source, or generates locally, a master clock 
signal to be reproduced on each slave. The master 
unit (1) repeatedly sends data values representing 
the current data bus clock (4) frequency, and 
the elapsed master (1) time to slaves (2) via the 
data bus (3). Each slave (2) on reception of said 
data values, establishes a division ratio needed to 
produce the master (1) clock frequency from the 
bus clock (4) frequency and applies such a division 
to the bus clock signal (4). The slave (2) keeps a 
slave (2) time value in units of the time period in 
the output signal and compares the slave (2) time 
to the received master (1) and adjusts the frequency 
division to compensate for time differences and 
bring the slave (2) time to equal the master (1) time. 



BNSDOCID: <WO 0122202A1_I_> 



WO 01/22202 PCT/NO99/00290 



A protocol known as I 2 0 allows units connected to a PCI bus 
to communicate (peer to peer) without involving the main 
central processor (CPU) . The PCI bus then act as a high 
speed network where all units may initiate data transfer 
5 without interrupting the main CPU. Other multi processor 

protocols exist for different types of multi processor data 
buses. Utilizing these known multi processor data buses and 
protocols for real time transmission and processing, would 
however, require additional dedicated clock signal 
10 generators and clock signal lines to implemented. 

The object of the present invention is to provide a method 
and an apparatus for synchronizing clocks on units 
connected to an ordinary multi processor data bus, thus 
making a data bus, such as the PCI bus, suitable for real 
is time data transfer. 

The object is achieved by means explained in the following 
description and in the patent claims. 

References will be made to the PCI bus, telephone systems 
and transmission of live sound or video, but the present 
invention is applicable to all types of multi processor 
data buses and time critical data. 



20 



According to the invention, a process clock signal on a 
master unit connected to a multiprocessor data bus is 
reproduced on slave units connected to the data bus by the 
25 following method. 

The master unit and one or more slave units are connected 
to a multi processor data bus including a bus clock signal. 
The master unit receives from an external source, or 
generates locally, a master clock signal to be reproduced 
30 on each slave. 

The master unit repeatedly establishes a numeric value 
representing the ratio between the data bus clock frequency 
and the frequency of a time base clock signal derived from 
the master clock signal. It can be seen that the bus clock 

35 to base clock frequency ratio represents the bus clock 
frequency measured in said time base. If the base clock 
runs at 1 Hz the bus clock to base clock frequency ratio is 
of course numerically equal to the bus clock frequency in 
periods per second. The master unit also establishes the 

40 current time in master clock time units, typically by 
counting pulses on the master clock signal. 

The master unit repeatedly sends the current time in master 
clock units and the current bus clock frequency (or bus 
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clock to base clock frequency ratio) to each slave unit via 
the data bus . 

Each slave unit establishes from the bus clock frequency 
value received from the master, a suitable division ratio 
5 for producing the required slave clock signal frequency 

from the bus clock frequency. The slave clock frequency may 
be generated in one or more steps, for example by dividing 
the bus clock frequency down to a frequency lower than the 
required slave clock frequency, thereby obtaining a base 
10 frequency suitable for a frequency multiplier and a 
stabilizing phase locked loop circuit. 

Each slave unit keeps track of slave clock time by counting 
clock pulses on the slave clock signal. The slave 
calculates a time difference by subtracting slave clock 

is time from the master clock time received from the master 

unit. If there is a non zero time difference, the slave may 
. adjust the frequency division in order to increase or 
decrease the slave clock frequency to compensate for and 
catch up with the time difference. The time difference may 

20 operate on an integrated time difference for better 
stability. 

There is a time delay between the master and it slaves. At 
the time when a slave gets around to handle the received 
values, the master clock is not equal to the value seen by 

25 the slave. This can be compensated for by having slaves, or 
other units, respond to data sent by the master. The master 
can measure the average response time and calculate an 
average time delay representing estimate the transmission 
time from server to slave. This difference can be 

30 compensated for by adding a transmission delay to the 
master time vale before sending it to the slaves. 

If the master or a slave drops out for a period, perhaps 
due to plugging or unplugging communication lines or other 
equipment, synchronization is effectively lost. Slaves may 

35 however, be made quite fault tolerant. If a new master 

time value is not received within a predefined time period, 
the slave continues producing the slave clock signal and 
counting slave clock pulses. The time difference is 
however, not corrected for. If the master comes back on 

40 line and a slave receives a master time value that differs 
from the slave time by 

more than a predefined value, typically a fraction of a 
second, the slave will set its slave time equal to the 
received master time, clear the time difference register 
4s and resume normal operation. The master can of course 
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alternatively emit a reset clock command to all slaves when 
it comes on line. 

If a slave drops out and comes back on line, the slave will 
set its slave time equal to the first master time value 
s received, clear the time difference register and start 
normal operation. 

The slave unit will typically apply an integer division to 
the bus clock frequency to reproduce the master clock 
frequency. This will seldom be accurate, and the slave will 
io apply a divisor that is one unit too low part of the time 
and too high part of the time to get a correct average. 

If a 33 MHz bus clock is off by + 23 parts per million, bus 
clock runs 33.000759 MHz. To produce a 8 kHz frequency 
the 33.000759 MHz signal must be divided by 4125 094875 'as 

is opposed to 4125 if the bus clock was accurate. If an 

integer divisor was applied 8000 times during one second a 
divisor value of 4125 applied 759 times and 4125 applied' 
7241 times would produce the exact 8 kHz from the 33 000759 
MHz. To prevent jitter in the resulting clock signal when 

20 changing the divisor, a slow settling (1 second or more) 
phase locked loop circuit will provide smooth transitions 
Also, the 759 instances of divisor 4126 should be 
distributed evenly over the 8000 divisions, thus every 
tenth or eleventh division should use the value 4126. 

2s An apparatus for applying the said method will be described 
by means of an example with reference to the attached 
drawing where reference numeral 1 designates a master unit 
indicated by a dashed rectangle and 2 is a slave unit also 
indicated by a dotted rectangle. 

30 The master 1 and slave 2 are connected to a multi processor 
data bus 3 comprising a bus clock line 4 carrying a bus 
clock signal controlled by a bus master circuit 5. 

A master clock signal from a source not shown, is fed to 
the master l via a clock input 6 and split to a an 

35 incrementing counter 7 and dividing counter 8 set to divide 
the incoming signal with a predefined value. The dividing 
counter 8 is by this example set to divide the master clock 
signal frequency to produce a 1 Hz time base signal at the 
output 9. The time base signal is fed to a microprocessor 

40 10, preferable to an interrupt input so that the 

microprocessor 10 can promptly respond to the time base 
signal, here once a second. 

The microprocessor 10 is connected to the the incrementing 
counter 7 by a local bus 11 and can read the counter 7 
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value from its counting register. The value of the 
incrementing counter 7 represents the master time in master 
clock signal time units. The microprocessor 10 is also 
connected to the data bus 3 as an ordinary peripheral unit 
s and can exchange data with other units connected to the 

data bus 3. The microprocessor 10 is, via the local bus 11, 
connected to a frequency counter 12 and is thereby able to 
read its counting register. The count signal input 13 of 
counter 12 is connected to the bus clock line 4. 

The microprocessor reads the counting register in the 
counter 12 periodically at a rate set by the signal output 
9 of the dividing counter 8, in this example every second. 
The count register value or the change in the count 
register value of counter 12, depending on the counter type 
chosen for the design, represents the number of bus clock 4 
pulses counted in one base time period, in this example 
pulses per second or the bus clock frequency. The 
microprocessor also reads the counting register of the 
ncrementing counter 7 representing the current master time, 
which may be the time elapsed since system startup in 
master clock time units. The microprocessor emits the bus 
clock 4 frequency value as read from counter 12 and the 
current master time value as read from counter 7 on the 
data bus 3 while at the same time addressing one or more 
slave units connected to the bus 3, 4. The address bus is 
not shown. The operation is repeated for every base time 
signal on output 9 from counter 8 . 

The slave unit 2 is has a microprocessor 14 connected to 
the data bus 3 capable communicating with other units 
connected to the data bus 3,4, in particular receiving 
information from the master unit 1. 

A programmable counter 15 has its count input line 16 
connected to the clock line 4. The microprocessor 14 is 
connected to the programmable counter 15 by a local bus 17 
35 which is also connected to an integrating counter 18. The 
microprocessor 14 can via the bus 17 write to the counter 
register in the programmable counter 15 and read the 
counting register in the incrementing counter 18. The 
programmable counter 15 counts clock pulses on the bus 
40 clock line 4. When a number of clock pulses preprogrammed 
by the microprocessor 14, have been reached, the counter 15 
emits a pulse on its output 19 and starts a new count 
sequence. The time measured elapsing between successive 
pulses emitted 

45 on counter 15 output 19, canbe is preset by the writing a 
value corresponding to a number of bus clock 4 pulses in 
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15 



20 



25 



30 



35 



counter 15. Also, the output 19 is connected to the 
microprocessor 14, preferably to an interrupt input. The 
15 ^d r ° C H S , SOr - 14 Wil1 reSP ° nd t0 PUlSSS emxtted P by counter 
rrequlcy t0 pr ° duCe the correct 

The output 19 is connected to the input of a freauency 
srgnal generator 20 that on its output 21 will produce a 
frequency depending on the frequency of the pulses emitted 
by the programmable counter 15. The frequency generator 

?huS u t h : 9n f appears ° n the ~tput q of t L 9 :?^f2 r 

lantr-^ P k ^equency of the signal generator 2 0 is 
controllable by values written to the counting register of 
counter 15 The output of signal generator 20 is kept 
synchronized with the master clock signal fed to the master 
1 input 6 by the method according to the invent on Th 
signal generator 20 output 21 is connected to the signal 
input of the incrementing counter 18. The content of 

n: r / 8 represents ^ve 2 time in time units determined 
by the frequency out-putted from the signal generator 20 
The microprocessor will adjust the counting register in the 
programmable counter 15 to keep the slave I time equai" to 
the master 1 time. The frequency controlled signal 
generator 2 0 is preferably a phase locked loop circuit 
Since the wanted output signal frequency is fixed the" 
signal generator 20 will receive a fairly constant 
frequency input signal from counter 15. 

The bus clock frequency value and the master 1 clock value 
transmitted on the data bus by the master 1, arTrecelCiS 
by the microprocessor 14 in the slave 2. The bus clock 
frequency value is in this example divided by a factor 

llZTlu ^ ^ C ° Unter 15 em±t PU1SSS at * "te that will 
make the generator 20 produce the correct frequency The 
master 1 time value is compared with the slave! 2 time v^ale 
read from counter 18. If there is a time difference, tie 
difference value, which may be positive or negative is 
integrated in the microprocessor and S ' 

used to adjust the count value written to counter 15 to 
-ster 1 time" ' ^ UP ^ with the 
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Claims 



1. A method for synchronizing clocks in a master unit (1) 
and one or more slave units (2) connected to a multi 
processor data bus (3) including a bus clock signal (4) , 

s where the master unit (1) receives on an input (6) from an 
external source, or generates locally, a master clock 
signal to be reproduced on an output (22) of each slave, 
characterized in that the master unit (1) 
repeatedly sends data values representing the current data 

io bus clock (4) frequency and the elapsed master (1) time to 
slaves (2) via the data bus (3), and in that each slave (2) 
on reception of said data values, establishes a division 
ratio needed to produce the master (1) clock frequency from 
the bus clock (4) frequency and applies such a division to 

is the bus clock signal (4) . 

2. A method according to claim 1, characterize 
din that the slave (2) keeps a slave (2) time value in 
units of the time period in the output signal and compares 
the slave (2) time to the received master (1) and adjusts 

20 the frequency division to compensate for time differences 
and bring the slave (2) time to equal the master (1) time. 

3. An apparatus for synchronizing clocks in a master unit 
(1) and one or more slave units (2) according to claim 1 or 
2, characterized in that the master (1) 
comprises an incrementing counter (7) and a dividing 
counter (8) having their count input connected to the 
master (1) clock signal and the output of the dividing 
counter (8) is connected to the time base input of a 
frequency counter (12) which has its count input connected 
to the bus clock (4) signal, and where the count register 
of the incrementing counter (7) and the frequency counter 
(12) is readable by a microprocessor (10) cconnected to the 
data bus (3) 

4. An apparatus for synchronizing clocks in a master unit 
(1) and one or more slave units (2) according to claim 1 or 
2, characterized in that the slave (2) 
comprises a programmable counter (15) having its count 
input connected to the bus clock' line (4) and its count 
output signal connected to the input of a frequency 

40 controlled frequency signal generator (20) , and a 

microprocessor (14) connected to the data bus (3) is 
connected to counter (15) and capable of writing count 
values into the counter (15) , and that the output of the 
signal generator (2 0) is connected to the input of an 

45 incrementing counter (18) having its count register 
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readable by the microprocessor (14), which is also 

flZ eC ^ t0 ^ t0 rSaCt ° n the out P ut si gnal (19) 

rrom the programmable counter (2 0) 
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